Sabine Kastner is a cognitive neuroscientist with contributions to a wide variety of topics including visual perception, attention, and awareness. In an interview with Neuron, she talks about how her ''80s research'' on the thalamus turned out to be very cool, the importance of inter-disciplinary teams, and how scientists can give back to society.
What do you think are the big questions to be answered next in your field? Our questioning is constrained by our thinking and by our tools. Systems and cognitive neuroscience appear to be currently dictated by methodological advances rather than by asking big questions. But I have no doubt that we will get back to the big questions sooner rather than later. Methods advances together with our ability to form communicative interdisciplinary teams will be important variables to advance our field in this century. To name just a few of the big challenges ahead: to develop brainmachine interfaces not only in the motor domain, but for cognition; cracking the code that underlies object recognition; understanding the physiology and pathology of local and large-scale circuits that underlie mental disorder; and embracing neural mechanisms that can account for individual differences. Advances in these areas will critically depend on bringing expertise from engineering, computer science, clinical neurobiology, statistics, and other fields into neuroscience.
To tackle your favorite research question, is there a tool that either needs to be developed or is currently available that could be implemented in a novel way? All perception and cognition result from the coordinated action of large-scale brain networks typically consisting of multiple nodes, which need to communicate over long distances. Despite this complex communication structure, perceptual and cognitive processes drive behavior on the scale of just a few hundred milliseconds. I am interested in the neural mechanisms underlying this remarkable efficiency of setting up network communication, which my lab studies in the context of sophisticated behavior observed in humans or non-human primates. In primates, we have currently very limited tools to study large-scale network interactions in greater detail. Imaging methods to visualize neuronal populations and their connectivity at high resolution and precision as well as identifying and causally impacting certain neuron types to manipulate local circuits are just two examples of tools that will be necessary to pursue these issues further. The explosion of tool advances in rodent models and their adaptation for non-human primates will certainly help to eventually get us there.
Our symposium covers talks from cell biology to cognition and from animal models to human neuroscience. How do you view the level of crosstalk between these disciplines and how can they profit/ learn from each other? Bridging all the way from cell biology to systems neuroscience and behavior will be an important task for this and the next generation of neuroscientists. From my own work, where I use two brain models, the human and monkey
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Professor of Neuroscience and Psychology in the Princeton Neuroscience Institute and Department of Psychology at Princeton University brain, I appreciate how difficult it can be to build such bridges. Therefore, I am really excited about the symposium. It is a perfect way to get people together to talk about how we can integrate findings from different brain models, levels of analyses, and different ways of conceptual thinking about the problems. It's a great starting point! What motivated you to become a scientist? As a high school kid, I was interested in humanities, mainly literature, history, and philosophy, and that's what I studied as an undergraduate. I became particularly interested in questions of brainmind relationships in my philosophy studies and attended a public ''Christmas Lecture'' by Otto Creutzfeldt in the mid-80s, in which he discussed the relationship between (primarily Kant's) philosophy and neuroscience. To talk about such matters as a neuroscientist was revolutionary at the time. For me, it was a life-and career-changing event. After that lecture I was sure that my thinking and questioning about the mindregarding issues of self-awareness and conscious perception-would not be ''solved'' at the level of reasoning but at the level of conducting experiments to understand the underlying neural basis. I was fortunate to take a 2-week-long neuroscience seminar with Creutzfeldt the following summer, and after that, I was convinced that I had found my path: to become a neuroscientist.
Do you have a favorite anecdote from doing science that you'd like to share (perhaps a key discovery moment)? When I started my lab at Princeton in 2000, the human thalamus was a blank slate due to technical difficulties in scanning subcortical structures at high resolution and with sufficient quality. In the late 90s, the prevailing view was that cognitive operations were primarily tied to cortical networks. According to this account, the thalamus was a ''slave system'' whose main task was to transmit signals from the sensory periphery to the cortex and not to be involved in cognitive processing at all. Given the rich interconnectivity of cortex and thalamus, I profoundly questioned that account; it seemed entirely unreasonable to me. When I talked to some of my senior colleagues, they advised me that it was ''too 80s'' to study the thalamus, pointing out that the field had since moved on to the prefrontal cortex, and that it was a poor choice in light of my tenure prospects, since there was no interest in the thalamus anymore. Discarding this advice and following my interests instead, we developed methods to overcome significant issues in terms of spatial resolution and physiological noise that compromised thalamus imaging at the time and went on to be the first to show attentional modulation in the human thalamus (published in 2002). This discovery paved the way for human neuroimagers and renewed the interest of primate and rodent electrophysiologists to explore the role of the thalamus in perception and cognition, which has become an influential and growing area in cognitive neuroscience during the last decade. Doing ''80s research'' turned out to be very cool! Who were your key early influences? Otto Creutzfeldt, my PhD mentor, advised me to study the ''next best thing to consciousness'' (which I intended to study for PhD, but he thought it was not a promising career path): vision and perception. Anne Treisman, my faculty colleague during my early years at Princeton, shaped my conceptual thinking of cognitive psychology in many important ways.
What's your favorite experiment? When I grew up as a vision scientist, visual processing was viewed as a passive and hierarchical bottom-up process following the concepts and traditions that emerged from Hubel and Wiesel's seminal work. The discovery by Moran and Desimone (Science, 1985) that directed attention to a visual stimulus modulated the firing rates of neurons in visual cortex was a first step toward a paradigm shift that embraces vision as an active and creative process. These early findings (also the work of Goldberg, Wurtz, and Mountcastle) paved the way for the currently emerging concept that a large part of perception is accomplished through constant prediction (''predictive coding'') and relatively little may be based on (physical) ''bottom-up'' input.
What has been the highlight of your career?
The highlight of my career is to see my students grow and thrive, starting from their initial steps in the lab to establishing their own independent programs. I had (and have) the privilege to work with a large number of highly talented young scientists, who have the ability to think out of the box and use it to make discoveries. It has been a wonderful reward to follow their careers and to see them succeed.
Did you encounter particular difficulties? How did you overcome them? As a first generation student, there were no role models and very little advice anybody could offer in my family regarding a career in science and academia. In absence of much needed mentorship, I was forced into finding and grow confident in my own path, which left me at the time with many insecurities. Now, I perceive this search process as a great gift of life that was instrumental for my personal and professional growth.
A second difficulty was that at the time of my training the path into neuroscience-according to German traditions-led through medical school. Going through 6 years of medical school with very little interest in the field and no intention to ever practice was very difficult. My parallel PhD studies and long hours in the lab helped me keep going. But I still find myself waking up from nightmares about failing medical school! However, in retrospect (where everything seems to make a lot more sense in life), medical school provided an excellent basis for neuroscience and facilitated my studies involving patients.
I was fortunate to have Leslie Ungerleider as my role model in science. Leslie is part of a first generation of influential female scientists and had to overcome many hurdles to establish her career. She paved the way for female scientists in my generation to be accepted and respected (with much fewer hurdles to overcome)-I am grateful for that. The way I lead my lab is based on many important experiences I made in Leslie's lab: to maintain an even gender balance (we have at least 50% females in the lab), to offer support for young scientists dealing with the complexities of balancing work and family life, to help build self-esteem, to spend a considerable effort teaching scientific writing and communication as basic skills, and to build a lab that operates as a team and second family.
What advice do you find yourself giving to your students and postdocs? Build a strong internal motivation-otherwise you won't succeed in science. For that reason, it is really important to stay true to your own path and to the questions that drive you instead of following the constantly changing science trends.
What is your view on the role of science/neuroscience for society? I feel enormously privileged to be a scientist, and I am thankful to society for providing me with the resources to do my work. Giving back to society should be an important mission for scientists, and there are many ways to do that. If each scientist who is funded by a federal agency would do just one outreach event each year, neuroscience would not only give back, but also impact society tremendously. During the last years I have engaged in a large number of outreach activities, which have been very rewarding. This outreach program often involves my students and postdocs in the hopes that performing outreach will become second nature for them and part of being a scientist. One area of outreach is aimed at promoting neuroscience in school education. I am Editor-in-Chief of the first online neuroscience journal for kids, Frontiers for Young MindsUnderstanding Neuroscience (http:// kids.frontiersin.org/). The major scope of the journal is to enhance science education for late elementary and middle school ages. As part of this project, I am writing neuroscience articles for kids regularly and perform classroom reviews of articles submitted to the journal at elementary schools in Trenton and Princeton together with the science teachers. We also invite an elementary school grade for a handson science day to the Princeton Neuroscience Institute once a year, where the kids learn about techniques to study the human brain by participating in EEG and fMRI experiments. In a second outreach project, I am part of a number of initiatives to foster the careers of females in science. For example, we regularly participate at Princeton's ''Young Women's Science Conference'' (a science fair that aims at encouraging female high school students from the greater NYC area to become interested in life sciences). A third outreach project is aimed at advocating for children with neurodevelopmental disorders and their families. As a parent of a child with special needs, I engage in activities that are aimed at educating families, affected individuals, and their support groups about the brain mechanisms underlying neurodevelopmental challenges and rehabilitation opportunities that are based on brain science. These activities include podcast/radio interviews, outreach lectures, and Facebook consultations.
Which aspect of science, your field or in general, would you wish the general public knew more about? I am a basic researcher who studies human and non-human primate brain models. The significance of basic research and the usefulness of animal models are often difficult to communicate to the public. Why is basic research important, even though it does typically not yield the immediate translational gain that clinical research may deliver? Why do we need animal models when we can explore the human brain with neuroimaging? Our advances in treating Parkinson's disease (PD) are a perfect example why we need both. A deeper understanding of the pathophysiology that underlies PD came from basic research studies using invasive electrophysiology in non-human primates. Neither the pharmacological treatment or deep brain stimulation now routinely used in PD would have been developed without gaining rich knowledge from basic research using animal models.
What do you think are the biggest problems/challenge science as a whole is facing today? Science is currently rapidly changing and becomes increasingly inter-disciplinary. However, our academic structures are still focused on the success of individuals who represent a certain area. These structures and their underlying concepts are becoming more and more obsolete.
Examples are departmental boundaries in hiring faculty: it is still difficult to hire a bioengineer into a psychology department; tenure evaluations: establishing a track record when working as part of a larger team is much more difficult than in the traditional PI-centered approach; or proceedings of funding agencies: awards are still primarily given to individual scientists who have proven success in limited areas of science. These structures need reform so that they will not be in the way of scientific progress.
The success of our field will depend to a great deal on our ability to form interdisciplinary teams and to find a common language to communicate in such teams. Such teamwork is more time consuming and difficult than the single laboratory operation. Given the increasingly complex data that neuroscientists produce, there may not be much room for the traditional lab approach headed by a single PI in going forward. Increasing the level of crosstalk between disciplines will be key to our success as scientists in the 21 st century. Young scientists should be given opportunities to train in more than one discipline. Even if they can only specialize in one discipline, understanding the ''language'' of another discipline and having the ability to communicate with experts of that discipline is invaluable. It is not surprising that some of the most successful young neuroscientists come from backgrounds other than neuroscience such as computer science, applied math, or engineering.
What is your view on big datagathering collaborations as opposed to hypothesis-driven research by small groups? The success of big data-gathering collaborations depends strongly on the leadership. With the right leader, team players, structures, and a thoughtful approach, these costly operations can be hugely successful (the Human Connectome Project is a good example from my perspective). But the call for several of these initiatives is still out, and it will be interesting to see how successful they will turn out to be. Personally, I prefer a ''grass roots'' approach where the best people in a given subfield come together to tackle big questions from different viewpoints (e.g., comparing different animal brain models, or cognitive domains; including experimentalists, theoreticians, and clinicians, etc.). These smaller groups provide an excellent platform for creative intellectual discourse, sharing of resources, and provide unique training opportunities for the next generation.
Where do you see the strongest potential for progress and new breakthroughs in neuroscience? We still know very little about the neurodevelopment of perception and cognition, particularly with respect to human-specific and high-level abilities such as reading, mathematics, logical reasoning, etc. These are domains that children often struggle with during school education. I have come to think that such struggles may reflect teaching strategies that do not tap into the mechanisms underlying learning and development, thereby failing to foster these developing systems. Once we'll gain a better understanding of the neural basis and neurodevelopment of these cognitive domains, we may be able to create learning strategies that relate to the brain. Such a translation of neuroscientific research to education might revolutionize how we teach our children and train our teachers, thereby transforming school and college education. That way, neuroscience could have a considerable impact on society as a whole. What question keeps you awake at night? None-I need my sleep.
If you could ask an omniscient higher being one scientific question, what would it be and why? Why are we aware of our existence? My questioning as a scientist started with the issue of consciousness, and I find this still one of the deepest mysteries of our mind.
